Objectives: Out-of-hospital cardiac arrests (OHCAs) are a leading cause of death worldwide. However, data regarding the management and outcomes of affected patients are lacking in the Middle East. The current study aimed to present the angiographic findings and outcomes of patients presenting with OHCA in Muscat, Oman. Methods: This retrospective study took place between January 2012 and December 2016 at the Sultan Qaboos University Hospital (SQUH), Muscat, Oman. All adult patients who presented following an OHCA to the Emergency Department of SQUH during the study period were included. Demographic and clinical data were collected from electronic medical records. Results: A total of 216 patients were included in the study. The majority (63.9%) presented after having collapsed, while 22.3% presented with chest pains. Asystole was the most frequent initial cardiac rhythm (62.5%), with only 10% having ventricular tachycardia/fibrillation. Very few patients (1.4%) had received cardiopulmonary resuscitation (CPR) prior to presentation. In total, 85 patients (39.4%) returned to spontaneous circulation (RSC); of these, post-RSC electrocardiography revealed an ST-segment elevation in 41.2% and normal findings in 23.5%. There were 63 patients who underwent coronary angiography, with 28 requiring stenting. Overall, 13% of patients survived and were discharged, although three survivors suffered permanent hypoxic brain damage. Conclusion: The overall survival rate of patients who had experienced an OHCA was low. Education programmes should focus on the benefits of immediate CPR for individuals experiencing an OHCA, with more opportunities for CPR training to be made available to the general public in Oman. 
O ut-of-hospital cardiac arrest (ohca) carries a very poor prognosis and is a leading cause of death worldwide. 1, 2 The annual incidence is between 36-81 events per 100,000 individuals, with most cases occurring at home and only 20% occurring in public places. [3] [4] [5] Survival rates vary from less than 10% in England and Scotland to over 20% in Holland and Norway. 2, 6, 7 Many factors have been identified as contributing to the survival of OHCA patients, with the early initiation of first aid or cardiopulmonary resuscitation (CPR) being one of the most important. 8 This form of prehospital management, known as the "chain of survival", has become increasingly popular in Western countries. 9 Previous research shows that more than 70% of patients who are resuscitated following an OHCA have significant coronary artery disease, although this might not always be the cause of the cardiac arrest. 10 Current guidelines and consensus statements recommend that immediate coronary angiography be performed for resuscitated OHCA patients in whom post-resuscitation electrocardiography (ECG) shows an ST-segment elevation, while early coronary angiography is indicated for patients with unexplained OHCA without an ST-segment elevation. 11, 12 Unfortunately, very little research is available concerning the incidence of OHCA and the outcomes of affected patients in Middle Eastern countries such as Oman. In 2017, the population of Muscat, the capital city of Oman, was reported to be approximately 1,475,000. 13 Based on this, the annual incidence of OHCA in the Omani population is estimated to be between 516-780 cases per year. 4, 5 The current study aimed to describe the epidemiological patterns of patients presenting to a tertiary care centre in Oman following an OHCA event. In addition, the survival rate and demographic and angiographic features of resuscitated OHCA patients were assessed.
Methods
This retrospective study was conducted at the Sultan Qaboos University Hospital (SQUH), Muscat, Oman, between January 2012 and December 2016 and included all adult patients presenting during this period to the Emergency Department of SQUH following an OHCA. Only individuals over 18 years old who had experienced a cardiac arrest requiring CPR at home, in the community or en route to the hospital (i.e. either in an ambulance or another vehicle) were included in the study. Patients for whom there was a clear cause for cardiac arrest (e.g. drowning, a drug overdose or motor vehicle crash) and those with a chronic terminal illness (i.e. cancer or a debilitating stroke) were excluded. In addition, patients who were declared dead on arrival (DOA) were not included in the analysis, as emergency department physicians would have deemed such patients irresuscitable due to their physical condition or delay in presentation.
Eligible patients were identified from the SQUH Emergency Department log book and pertinent data collected from the patients' electronic medical records. In all OHCA cases, an early invasive strategy was initiated as per the recommendations of international guidelines, in which resuscitated OHCA patients with no obvious cause for the cardiac arrest were scheduled for an immediate or early coronary angiography, depending on their ECG results. 11, 12 Subsequently, the identification of a 'culprit' lesion or vessel requiring stenting was determined by either the presence of total occlusion or a tight stenosis with a hazy appearance and/or flow of thrombolysis in cases with type 2 myocardial infarctions.
Statistical analyses were performed using the Statistical Package for the Social Science (SPSS), Version 21.0 (IBM Corp., Armonk, New York, USA). A P value of <0.05 was considered statistically significant. All categorical variables were described as frequencies and percentages. Means and standard deviations were used to present continuous normally-distributed variables, while variables which were not normally distributed were presented as medians and interquartile ranges. female. The mean age was 55 ± 17 years old. The vast majority of patients (98.6%) were brought to the hospital by a relative or friend, with only three patients (1.4%) transferred by the emergency medical services (EMS). Most patients (63.7%) had collapsed, while the remaining patients presented with chest pain (22.3%) or breathlessness (14%). The initial cardiac rhythm for most patients was asystole (63.4%), while 54 (25%) had pulseless electrical activity, 23 (10.6%) had ventricular tachycardia/fibrillation (VT/VF) and two patients (0.9%) had a heart blockage. The overall survival rate was 13% [ Table 1 ]. Of the 28 surviving patients, three had permanent hypoxic brain injuries and were transferred to long-term rehabilitation units. The other patients were discharged within 10 days with no neurological deficits.
Prior to their arrival at the hospital, none of the patients had received CPR from bystanders, although the three patients transferred by the EMS had had CPR administered by the paramedics. All patients subsequently received CPR immediately upon arrival at the hospital. Following the administration of in-hospital CPR, 85 patients (39.4%) returned to spontaneous circulation (RSC). Among this subset, 25 patients (29.4%) had normal post-RSC ECG findings, while 35 (41.2%) had an ST-segment elevation, 14 (16.5%) had a left bundle branch block, 10 (11.8%) had a right bundle branch block and one (1.2%) had an STsegment depression. Overall, 22 patients (25.9%) were deemed unfit for an immediate coronary angiography; of these, 17 (77.3%) experienced a further cardiac arrest and died, while three (13.6%) and two (9.1%) patients were diagnosed with strokes and pulmonary emboli, respectively. The remaining 63 patients (74.1%) were taken for either an immediate or urgent coronary angiography, which revealed significant coronary lesions (i.e. >70% luminal stenosis) in 42 patients (66.7%), of which only 28 (66.7%) required stenting. Most of the patients who required stenting had an STsegment elevation (60.7%) [ Table 2 ].
No correlation was found between survival and stenting of the coronary artery, the location of the lesion or the number of vessels involved. However, the survival rate was significantly poorer among patients with triple-vessel disease in comparison to those with double-vessel disease, single-vessel disease or normal coronary arteries (7.1% versus 40%, 50% and 45%, respectively; P = 0.05). In addition, patients in whom an intra-aortic balloon pump (IABP) was deployed were significantly less likely to survive (12.5% versus 43.4%; P = 0.02). In contrast, survival was significantly greater among cases in which CPR was initiated more rapidly (P <0.01) and for a shorter duration of time (P <0.01) [ Table 3 ]. In terms of their initial cardiac rhythm, survival was lowest among patients with asystole (1.5%) and highest among those with a heart blockage (50%) followed by VT/VF (34.8%) [ Table 4 ]. According to their ECG findings, patients with a left bundle branch block more frequently survived (61.5%) in contrast to those with normal ECG findings (20%) or an ST-segment depression (0%) [ Table 5 ].
Discussion
Despite reported variations in the international literature, OHCA is consistently associated with poor survival. 2, 6, 7, 14 In the USA, more than 300,000 deaths annually are attributed to an OHCA, whilst this accounts for approximately 28,000 deaths per year in the UK. 15, 16 In the current study, the survival rate for patients presenting to SQUH following an OHCA was very low (13%). Nevertheless, it is likely that this percentage is an overestimation, as it does not include patients who were declared DOA. As with other research, the majority of such DOA cases were found at home rather than in a public place. 3 As this often means that the cardiac arrest was not witnessed, death is more probable due to delays in seeking medical assistance.
In Amsterdam, Waalewijn et al. demonstrated the benefits of bystander CPR in improving outcomes among OHCA patients. 7 In Western countries such as the UK, USA and Sweden, rates of bystander CPR are relatively high, ranging from 30-50%. 15, 17, 18 This high level of bystander participation is primarily due to public education efforts involving mass media campaigns and CPR training programmes. 19 In the current study, apart from those who were transferred to the hospital by ambulance, none of the patients received bystander CPR or first aid prior to presentation. A previous survey from Saudi Arabia demonstrated a low level of interest in and knowledge of CPR among university students. 20 Improving health education and conducting awareness campaigns regarding the benefits and methods of performing CPR are recommended to address this issue in the Omani community. Furthermore, ensuring the availability of automated electrical defibrillators in public places should be encouraged as these may be of benefit in certain situations. 14, 21 In Oman, there is a well-established EMS system in place with fully trained and equipped paramedics who can administer CPR if required. 22 Moreover, most people in Oman live in the governorate of Muscat, a region with excellent EMS coverage.
13, 22 Nevertheless, in the majority of cases in the current study, family members brought collapsed patients directly to the hospital by private car rather than initiating CPR on site or contacting the EMS. Clearly, utilisation of the EMS system is low in Oman, as in other Gulf countries. 23 Unfortunately, delays in initiating CPR were found to significantly affect survival in the present study. Therefore, reliance on individual family members to bring patients to hospital rather than the EMS system is potentially one of the biggest barriers to improving outcomes of patients with OHCA in the region, as this causes delays in timely medical attention or resuscitation efforts.
In accordance with previous research, patients in the current study who presented with asystole had the worst prognosis. 1 However, stenting was not found to significantly improve survival; this is in contrast to findings reported by Dumas et al. 24 Perhaps the reason for this surprising finding was due to the delay in initiating CPR for most patients in the present sample; this would likely affect the overall prognosis, regardless of whether the patients received a stent or not. Similarly, there was no significant difference in survival according to the coronary artery affected, although patients with triple-vessel disease survived less frequently. The use of an IABP was significantly associated with poor survival; however, this could be due to selection bias, as patients who were haemodynamically unstable would have had an IABP inserted.
As per international guidelines, all resuscitated patients at SQUH who have experienced a cardiac arrest undergo coronary angiography, with those who have an ST-segment elevation identified via postresuscitation ECG undergoing immediate coronary angiography. 11, 12 These patients were found to require more stents than any other group of patients in the current study. In contrast, patients without an STsegment elevation receive coronary angiography only after other investigations have been performed, including a blood workup, a computed tomography (CT) scan of the brain and a CT pulmonary angiography to rule out a pulmonary embolism. In the present study, only 28 of the 63 patients who received coronary angiography were found to have a lesion that required stenting. Overall, the neurological outcomes of the patients who survived were relatively good, as there were only three patients with severe residual hypoxic brain injuries. However, it is possible that those with severe brain injuries did not survive to discharge.
This study is subject to several limitations. Due to the retrospective design of the study, missing or erroneous documentation might have compromised the quality of the data collected. The results of blood investigations were not available for the majority of patients, particularly those who could not be resuscitated. Furthermore, neither patients who were declared DOA nor those who had experienced OHCAs but were not resuscitated or brought to the hospital were included in the study. Another limitation was the fact that most patients were brought to the hospital by their relatives or friends; hence, the period of time reported between the cardiac arrest and patient presentation and the subsequent administration of CPR was most likely an approximation. Finally, as this study was based on a single centre experience, the sample size was relatively small and the results may not reflect the true incidence and outcomes of OHCA in Oman.
Conclusion
Patients presenting to SQUH following an OHCA were found to have a high mortality rate, most likely contributed to by delays in the initiation of CPR efforts. Furthermore, the rate of bystander CPR was very low. It is therefore necessary that greater efforts be made to improve public awareness of the benefits of CPR and provide CPR training opportunities to members of the Omani community. c o n f l i c t o f i n t e r e s t
